The model reproduces remotely sensed spatial and temporal SST patterns (from the NOAA AVHRR sensor; https://www.nodc.noaa.gov/SatelliteData/ghrsst/) very well with monthly correlation coefficients of 0.89 and above ( Figure S1 ). Simulated surface salinity also shows similar spatial and seasonal pattern as available in situ data ( Figure S2 ) with a correlation coefficient of 0.84. Both the model and observations indicate that the CDW is confined to the coast south of the estuary in early spring (March 2011) and autumn (October 2013) and extends eastward and northeastward in summer. Some interannual variations occur, e.g., the CDW extends northward and eastward in June 2012 while it mainly spreads southeastward in June 2013. At the bottom, freshwater is confined to the coast with high-salinity water coming from the open ocean (Figure S3). The correlation coefficient between simulated and observed bottom salinity is 0.87. Simulated bottom temperature shows significant seasonal variations consistent with the observations (Figure S4) with a correlation coefficient of 0.88. Higher temperature in south and east regions in March indicates the commencement of Kuroshio intrusion onto shelves.
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Assessment of the dominant currents
The simulated current systems in the ECS, YS and BS show typical seasonal variations ( Figure S5 ). In winter, currents mainly flow southward on the YS and ECS shelves driven by the northerly wind. In contrast, the East China Sea Coastal Current (ECSCC) and the Korean Coastal Current (KCC) flow northward in summer. The Kuroshio is stronger in summer than in winter. Overall, the model captures the seasonal pattern of the current system and resolves currents in phytoplankton growth rate at 0℃ 0.59 d -1 kNO3
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